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(54) MAGNETIC RECORDING MEDIUM AND MAGNETIC STORAGE DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a magnetic storage 
device capable of recording and reproducing high density 
information and having high reliability. 
SOLUTION: In this magnetic storage device having a 
magnetic recording medium, a driving part for driving the 
magnetic recording medium in a recording direction, a 
magnetic head consisting of a recording part and a 
reproducing part, a means for moving the magnetic head 
relatively to the magnetic recording medium and a recording 
and reproducing signal processing means for executing 
signal input o the magnetic head and outputted signal 
reproduction from the magnetic head, the reproducing part 
of the magnetic head is composed of a spin valve type 
magnetic head and the magnetic recording medium is used, 
wherein its magnetic layer is composed of an alloy having a 
hep structure and consisting essentially of Co and >3 mol% 
and <50 mol% oxide or nitride and has a cylindrical structure 
in which the Co alloy is separated by the oxide or the nitride 
and an easily magnetized axis is essentially oriented in a 
direction nearly parallel to the surface of a substrate. 
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l4fS*»*Of£Hl 

1***11 «*±ti»«**».fc*l*>T*»fc, »1 
OT*l±i:»**^b c c»fit*L (10 0) 
EldtfcC r *±)«fl'i: + 4'«fe***t&»2 WTS 

(11. 0) BWlLfcCot±*»kt**4*4*t 
4S&3<9T«iai:, »3 0T«i±K»***t*»oh c 
P*i&**L (11. 0) ElfiJU/^C o£±j£frt-f4 

A£ «t traiik** *:»iSMb* * 

UT 3 m o 1 %Jil± 5 0 m o 1 %«T-C* •) , W 
Efi£14Jf K-&#S*-4C o £i.j£#k-f4 h c p«j£W 

**8AM:flEflMb» * fc«*SHb«fc «t ^ 
S*i*»oi»|BCo*±JS»i:i"*h c pfltift«>'fr&&A 

«a*fc»iciinaia«)'fr&*'Mr+**i «>t*« 

(2 11) EWUC rt±*»i:t4*4t#*t4 20 

«*a**L<10. 0) Baft Lfc Co 
^*^-*t-&^3 0TSfe®t, *3©T*lJii:MS 
n*^hcp«S*tL (10. 0) BJfaLfcC o«r± 

t -r * £-&*sa # i vmm t tz ug.it®> t z 

iatt)i<Ot7C5li:WU-C3mo 1 %JiUi5 Omo 1 %£L 
fe*t), ffiKC o£±j£$5-k-f-4 h c p t»&<0 
AlittEttfttt * li^b^ K <fc o T*Si:»I 3 ft* 
oWBCo hcp«ao<ft*tt*o*fl: 30 

[W*«3] t»EC o "f 4 h c p»^**1- 

4$&3 0T:HlJf<i, Cr, V, M n«DV>-f Ji^Otc** 
2 5 a t %J3Lh, 5 0 a t JbCTF** U MKW» M 
o, Ta, Pt« Ti, Nb, A 1, Cu, Ru, Pd 
*6»ttifc5G**^*< ti> li20a t%mT#* 

[M*«4] aME±K»J***tfc»l«)T«»fc, $1 41 
OTJWI±U»J«*n*»ob c cflMt*#L (10 0) 

at, i2^T*ill^i?W >0 f c c*jE*#L 
(10 0) R|6] L fcA g **: l± A g*±j£# 
ife&vMi (100) EfaLfcBaflHtO'WJs*:**-*"* 
^ 3 WTifeJf t. ©T*Ui ±fcJBA 5 hep 
8*jt*#L (11. 0) EfSjLfcC o*±Jfcfr 

&b a i3 a xm\tm 4 tz t* *r t * * atti ^ 

H:WLT3mo 1 %JSH±5 Omo 1 %jaT"C*»K H5 ' 



ttffl 2 0 0 1-10 16 5 1 
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ec o t-tz h c pm&^^^tmiimt 
±$#£1-4 h c p«jtw-&^*s B B a o^k;#ii$ai«i*« 

4«*tEii&#o 

[M*#5] a*lKft&frfc. «*K»»#*E**I*J 

#l±, j!6«Jh»:»«**tfc»lOT»«i:, * 1 ©Ttt 
iit:MSW>ob c c«j££*t (10 0) EISJU 
fcC r *±j£#fc-r*£-&*-&#-f *&2<OT%>ik, 
£2 WTAka-ht-^^^^-^h c p#jtSr*"L (1 
1. 0) BftLfcCot±*»kt 4 » 
3<OT«iai:, »3«>T«liJil=»***»'*»ohc p« 
jt*#L (11. 0) SEftLfcC o £±J£#k1-4-g-& 

I* a* -t utka:* * * i*a*b* 4 BB&a t * * 

U SJEBfefb!»4fct±aib!»<o«K»ifiB[1±S<0^7C^U 
JJU3mo 1 %J3Jt5 Omo I %JilT-C* l )> KrEflK 
1±ai--&-*^^-4C o S:±B8;^-t-*-4 h c pffiHtO-S^fe 
USA tt*EBMb* 4 tz liftf k* C iotffil $ *t 
*»o«rEC o «ri^ti-4 h c p«jg<0-&^Awa 

[»**6l ^E»«#t, fiS^E»jK#*E»*lfiJ 
lc«tbi-4ig»iSi5i:, EiSffiSlfc^ KkWfeffl«*« 

#S t * fit A fc«*E«Bt« K v > T . H&S8mEfS& 
•f*:»i, ^«±tC®S;§^oB2«it4^»±L2i1«^4 
^liCiib«atW^«r-&*i-4^1 OTMlJli:, mi 
©TASH3fiK?n*obc ciiSitL (2 11) 
BEftLfcC r *±fi£^t-t-4^Sr-&^i-4^2<0Tlfe 

do. o) msjufcc o*±fi£^ti-4#^*'&^r-r 

5f3©T<feIi:, «3 0T*MI±K:3Bjat**t*»oh c 
pfliiS4:*U (10. 0) E|6]L*:Co££fifc:8-t1-4 
^igAii A imtt® * tzli&Atmt 4«1±« 

i t*#u tjE^'fk^4^{ia^wsjs<±«s^a^ 

7Cfi:«LT3mo 1 %Jil±5 Omo 1 %JilTT$) >} , 
flBCo «r±^ti"4 h c p «jfi<0^*SA(±t5EBS 
■f kfe 4 Ji^ikt) TfflHU^St $ tL^o^E C o 
Sr£)£#t1-4 h c pflljl^^lSAO^k^ttfi* 

fio 

[»**7l SSAE^^t. «*E»«E**E»*W 
lclEI9li-4fg»gl5i:, E«ffl»*^'5' Kk 



#li> &$L±.\zW*'i&Ztitzmi OTfc&Jf l&KDTilfe 
*±»cj&j&3rt.*ob c c«fi*#L (10 0) EflL 
£C r &£/jE#i1-*^&£#;£1-*&2<DT«!lf 
&2 0Tlfc/i±K©j£S*t^of c c«ji«-#L (10 
0) &faltzAgitz\iAgi3i!$.frt-tZ<&&&z > \,> 
»* (100) SS(fi]L^B2«ii«O^Sr^i- < &^3<o 
-FAfeJg i:, m3<OTmm±.\zW^^Hi)-'Oh c p8Si6£ 
*L (11. 0) EWLfcCo*±«*t-r*^ttfl 

WLT 3mo 1 %JS1±5 0 m o 1 %J£lTT*l?, fltEC 

o i£.f&frt-tz h c pflijfio^itAititrett'fbfti 

[0 0 0 1] 

*&«##] *$&gj»±, if*-fvfg/- 
fc, £*i**«"*-*fc*ofty>rx % KdHMKr, 

[0002] 

[&#w8tf&r] EPTOftBtt&ttoft&AEftfkKli, 

rtem«fl-*m±s***j!*»** 0 Nip/Ai*K*jBv» 

Mo, V^S-iSinL/wCr^TifeJS3i*(100)a*36«Mt;3p 30 
frKL^EKn (£IT, (100) Eft i: B&-T ) *kz>tztb, 

»*fc(ll.0)Em*i:4 o i<ofc*»'fb«S#«-KEP l 3* 

ro^Etos-s*tfcan?rttT*ort:. l*»u *5^i 

**rfflv»fc»^ Cr^T*»*»J: 0££*(iiO)E|fi] 
*i4fca, tttt#JMlh*ErtEffl 3 -*4 
v»o £ft**ft+4fc*Ka^fcCi^£T*Jl«>MUM 
hT^W«i4*rfcfc**JBJ«1-*tifcj:o-C 
l*TttJifc(100)EflJ* 6**a#*«|M6SttTv> 
4„ £OI o KAMtttfc LTliTa (#K¥4-1884 40 

27) ^MgO (J. Appl. Phys. 67. 3638 (1995)) ^#81 

BirtE[6]$*4¥tfcfc Lt, B 2 «jg<0NiAl KJf 
©*A**H*SfiTV»4 (IEEE Trans. Magn. vol. 30, 
3099 (1992)) o K»±TliCrfr*T*tt<211) 
Effl*fc4fej«> % »ttSi:x^^*i/ t ^g t:± t) d 
0.0)E|Sj*i *>-£4£i:7l*nrtgi:&4 0 (10.0)EW4(1 
1.0)E|6jtm», cW36 J JR®rt^"|6j4-|fij< /-iiaiv^ffirt 
*#ttKif), »V>«ffltfj;Wb*l4o iOi^iB 2 i 
««0v- KS#fi-t LfttNiAlOflU CoTi (J. Appl. P so 
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hys. 85, 4298 (1999)) >0<$B^S tlTV>4 0 
[0 0 0 3] Htflcy^f XofiMUIittttlSAtto 

**Hb, «ttttT-w*sftfflofi«*op?rxtr*4 0 gg 

?-*?-jHB*B»j*fl: (Appl. Phys. Lett. 52, 51 
2 (1998)) 14, &&&g73*e&ffl^*4£|f|B#K, mm 
ffl K i o Ttt* M£8MBEflUB $ it r v> 4 * , 
«*tfcfiy-fX#ttt^i- 0 fflU ^7-A7-«#li 

K^Jfc&S (#^¥7-98835) XJRtt;^ T^EPin 
(#B8¥8-45073) , £98&A^1&eftOAt'CoflBtt 
^<0*A^ (ttH?7-311929) *«»*SftTV»* 0 

[000 4] l*u ^?-*?-*MWt«flflMMi*« 

Eft* T*»«EOT«ft,.Eft:**i, 
ffiB&Jf <D a e ? * -> + *j£ft4f|&s $ *L4 fcfer* 4. 
£fUZ**U #ra¥9-81936fl4, TifeJf JiKgHb^ 
Effc**#*Lfcv»|*-©«ttE*JBjStL;fcE, SMMb 
*?g.1tVo itt-t 4 m-<nm&m * JgjSi- 4 r £ k tc a o 

#^¥l0-3022421CI4Ti^NiAl^<O->- Kg i:Cr4-±Sg 

LtzTi&momxizx v. mm, Aitntt-eMt-r 

li!Sf^3000x;w^ir^ mt-C*»K 400kFCm±Oii5 
v^l2^?&S^MLTl±+5-e*v> 0 
[0 0 0 5] 

[0 0 0 6] *^C0gfi<){i^7-a.7-^lCiiV^ 

#+«*E«tttfls*««i-*ii:i«-ei* 0 Mlci^iSS 
»K lW-f v^S^i) 2 Ma±OE«*S 
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[0 0 0 71 

raw***-*-* fc*©^! ±ffi§wi±. attaitfhc 

pm&iGtCo*3Lmftb LiZ*±t* 3molXfel±, 50mo 

«*mew»i-*wai»fc> IB»* 

*«*»a^« * * k * v » -c Areata 

4«*IB«R11fc HI 

T»»ll (»T, V-K*fc*i-) » *-OTJlWil2 

piifjr#}'tJi'**Uti!l, (ll.O)ElfiJ, 4fcli 
(10.0)Eiai«ri:o-Cv^o 

[0 0 0 8] «tt«<0(11.0)IB|fiH±, K«t LTMg 
0, NiP, Ta. CoCrZr, NiTa, NiNb-g-^fcJ&SU T*fe 

MS t LTCo&±J£#i: U^hcpWA© 
lv>KiCiotSa?*lS. JifB->- K*±TN4Cr 
£-&T*&*a*(100) £161*2:4*:*, «T««±K»« 
£ tt fchcpfllii <0 4" MH l± x if * * -> -v *rtft L X ( 1 1 . 
OBBflfct&o »(fW»«>±J«»-C*4CoOafc<fc*** 
gfiji^;v^-J±Cr J: •) *>TZ^fz#>. * fm%MX*<F>Zo 

(omtmm ommmm * *u co^«± j- tr * * -> * ;v 
mim-t&&% * &4 - 1 § 

[0 0 0 9] tTI±, Cr, XliCr^T 

S&JI £ (100) ElfiMfcS-** CWI 4*fc«IIR L 
4v*. 4fc, T*»*M*i:tTH\ Cr , 4fctt£*LKT 
i. Mo, V. W, lln***ilDUr«?-Jg«C**lJn**fcbcc 

5Mfc#7*> NiP* ?**ifeLrt:Al-lIg 
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[0 0 10] «frNUl*M*fc U"C«*» Co*±**fc u * 

(7)7cm*25atXmJi, 50at%J^T-&*i-4^^* t ffl , ' > ^ 
tlZo 25zt%&ffiX\mm&iW*+fi"e*> t > , 50at%* 
±04thcpfllit* t W^*^*»4L<4v»„ Si:, ft 
?*«N*Ml t *lWfcLTW. Mo, Ta, Pt, Ti, Nb, Al. 
Cu, Ru, ?&frh&\Ititz&%< i:fc-o<07GSf*20at% 
JilT^LTV^Tt <fcv> 0 20at%£±II]4 ihcpfllji^Jft 
*L-4fc*#4L-<-*v». KE* IM l±*«tt!SL* * i ** 
m.t LV^*, ®|g&=ftl585£«*BrfcIgI?t<0«Br-t**, 
S8itt®WBr-t<7320%fiLT-C*>tHf, §lv>$Kfc$r *> o TV> 

tZo 

[0 0 11] 4fc, m^toa«ttOl6v^Ag4r4>KSi: 
Ufflv^U^ AgcOattSaAgt. CrWattftaCrSrffl 
v>t (aAg-/"2aCr)/>T2aCrX 100 W kJfefcLfcfc?-* ^ 

^ ht±2%J^Tt?*4^J6, (100)El6]L^Cr-&^T 
SfeS ± * ttfcAgtf IHW tf ^ -> ir ^fiSift ^ <t 

>) (100)Kt^J4r i: 4 0 iot, -?-0±U^fiK$*t^Co^ 
■tt^^^^^^^^^S^J: *) (11.0)El6]*fcO, 
hcp#3tWCo-g-^F^®*fflv^c*&-g-i:P]^ CofflS^ 
^<Offi'fk$l.tt«rBl*lBB[Pl$-*4ii:* t -cS4o -tlBAg 

[0 0 12] l€^*F*«i:L-r. AlCo. NiAl, CoTi. Cu 
Pd, MnV. NiTi^e>3!tftt/^ft< tfc-o(OB2**W 
^JSH'fl:^4'ffl»'''4C:i:'{>-C#4o ^ftko&^fflfl: 
^tlWattfti:. CrWattSaCrtWft^-^^^-f f b \± 
v^-f*tt>5%Jil.T-e*47 , i*, (100)BB|6]L^Cr^TSfe 

lei »3 (100)BE|6]S:i:4o llE&WIBI'ffc'&Wtt* -f^v^ 

iz&m&xhztz*), &mt&&uz< <, ^m-cok 
bS; $ *Lfc«ttJi + <oco?SS14^ t x e ^ * -> ^ t 

i JXll.OBflifctK «BE-ft#^tt*®rtSBIfi]$-<i-4i 

t> 4 4 BStt® 4- ^a-T 4 £ k "C # 4 o 
[0 0 13] «ftSft«fc©mrtBrtKl:»iCo*tt'fr 
<fe ( 10. 0) SEES] * t * 4 £ i: J: o T t **-C # 4 . 
fiBtt^©(10.0)E|6]l±, >- V»t LTB2»it<ONiAl, 
CoTi. CoAl, NiTi. lfaV*A»«^lF*»*t, T*J1 
i: fCCr«r±fiS;*i: L/:bcc#dt<O^S:^fiKL, 
JSh LXCoilLfcftt Lfchcp«ao*«tt*&<f*ffl 
v>4£tlC«to-C*^$^4o KSt LTti-tIBB 2 
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S titzCu $ tz liCr£&T it (211) mftttZtz 
** iET*S±tw±ie<Ohcp1«5tcDCo-g-^(t>PflJgS:^ 

[0014] fiStts^^co-g-^s^iev^r^offirS] 

v^o fi8tt^ + <OCo^^±i: LT(11.0)KrtlUfc»-fr 
«4, XUHlff /a 7T-f 'W^t&SgteJf <a(ll.O)M;o> 

* 0 ffc, «B1£®*<OCo<£-£;o*±t 
L-C(10.0)E(RlL/i»^l±, SftteSO(10.0)ffi*»?>O@ 20 

-y-©&KJ: "9 *>*§*t:tt.l*. ±|fi^S-#iii:**-e 

i;t, mt£jf mi£b% <r» n Taenia ii, 

&©&K©{!«fflfl:*WfW-f- -5 tragic, ^figttvh'j^ 
ttfmt Lv> 0 

[0015] HJ'^ AVmt LT»±. Si02. 30 

Ti02, Zr02. A1203, Y203j&»t>»»;f *tfcgfrf[;|&, tfcteS 
i3N4, TiN, ZrNri^jglfftfcgftf&jW* Lv> e i^f, 

olXJJLt, SOmolXJilT^aS Lv>„ 3molX5feiS?-t I 1±ffiBtei|§ 
*ttWO«*«£ftffl«r+«-Ute«-C*r, Sfc, 50mo 

^Bfiil), 10nm4-±|5]* fc+fl-ftfiy-f X#tt** 40 
#<bft$r ¥^*JSli4nmfil±, lOnmmT-C 

Lv> 0 ii-e|$ B H B fegli, ghfl.&ilij- 
ffiao^HcOItSt^L^ ¥®TEM«S:ffiv>rf|-jBlJL 
7tl00~200fflgJSO^^tig<0»^^ fc^&g t -t 

[0016] j&#.<z>m%.&itb Lr»±, j&Brt^fttcss 

^£ epjD LTffllJ^ L fcfiMSB# S-3500^;i/^ y- y KJ2U: £ 
U «l?»*«SBrtKiP t O»BrXtS-305tT^X • 5 

4 y*mz*)2o*?if\£y h &±<ommmmmz}s^ so 
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feM&mmg. (450kFcmji) -eom***/h^<^i9»s 

< £&fc3-J» B ta<tg;TU 30*" • $ y n> J: »j 
[0 0 17] 881£S±fc«S&fc LT)SJP3~15nm<7>* 

[0 0 18] ±!B5B&iE$S££«t?^TV>&jE8^y K 

<?>m%.t&m-t>y-mt. ^vmtyjfatfnummzji 
a s *tfc«*tt^«i4« «t o -cflijs $ nfc^. e v • 

2#?>v-;UKJf WliSPli (v-^KKH) liO.lSA/mJilT 

i> t ftmrnipfcT u ■s-f-o^ffi y y ^ - &± # < ^ 

X Lt *)tztb-?$>Z>o 
[0 0 19] 

tCNi -37. 5atXTa-^^ -> - K/g «• 70nm?gfi£ L^r<0*>> 9 > 
•yt-^-in^tcJ: fJlSOrt Tin&U H^Cr-25atXT 
i^T*®*30nm, Co^atXCrtfKS *30nm, (Co-25a 
tXPt) - (A 1 203) 7mol%£-&?Kt4Jf «r 14nm, * - jK 

*^*±, ^TDC^/^y ^ict IJSmArO^^H^iliTff 
f&&m<Of$.m<DZ., RFX^y^izX IJ30mTorrW3!f 

T ^ S: epin L ^ =Sr Si L o DC/f T ^ liOV^ e, -3 
[0 0 2 0] ®2\ZCoCr*fflmi:MJ&Ltz*nMMmfr 

t, m*®m*fc&L%^it%mmmz^x. 

TK-To ^P^SS-^Lfc^Oii^ DC/^TX»i-150 

^vizttL. *mm*t2iVtznmMmfrX'it4koe&±.n 
%^&mtii)mt>tix^2> 0 ttz, it&MmfciDizmu 

ftMittfO. 58-C* o tz<DizH L, Hife^l^-Cl±0. 81f 
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[0 0 2 1] <*ffi«2 >*Sa*t#?***±fcNi-40a 
t%Ta&& '> - KB * 60nmU$; Lfc©*., ?>-f\L-9- 
Mmzi. ^WCt-CtmX. MKCr-25atXTi£&T» 
Jf£50nnu L/c«* (DfHIi fclOnnu (Co-25at% * 

m 
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*Pt) -(Al 2O3) l2mol%-&^5614^ Sr Hnm, * - ** >««R 

[0 0 2 2] 
[«1] 

1 







(KOe) 


s- 


(jiVnns-nm^/jtVpp) 


(%) 


3B»«1-1 


Co-36at%Cr 


356 


0.73 


0.0155 


2.1 


£»«1-2 


Co-34at%Mn 


4.02 


0.71 


0.0164 


1.9 


1 -3 


Co-40at%V 


371 


0.82 


0.0171 


2.5 




Co-32al%Cr-6at%W 


3.92 


0.71 


0.0160 


0.9 




Co-33at%Cr-6at%Mo 


3.81 


0.74 


0.0165 


1.4 


-6 


Co-30at%Mn-6at%Ru 


422 


0.79 


0.0172 


1.1 


^ifttt 1 -7 


Co-30al%Mn-6at%Pl 


4.12 


0.76 


0.0169 


0.8 


1 -a 


Co^35at%V-4ed%Tl 
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